Attention and working memory (WM) are intertwined core cognitive processes.
Working memory (WM) is a critical ability to store and manipulate sensory 3 9 information when it is no longer accessible in the environment (Baddeley, 1986) .
0
Visual working memory (VWM) capacity is severely limited (Cowan, 2001;  1 0 0 implemented in orienting attention towards representations in perception and 1 0 1 memory (Awh & Jonides, 2001; Heuer & Schubö, 2016; Lepsien & Nobre, 2006;  1 0 2
Myers, Walther, Wallis, Stokes, & Nobre, 2015).
0 3
Altogether, it urges experimental designs with more sensitive task, as well 1 0 4 as varied levels of task difficulty, to reveal the potential difference between the 1 0 5 endogenous and exogenous attentional effects in the memory domain, in such 1 0 6 a way we could unify the attentional effects in both perception and memory. 1 0 7
Moreover, neuroimaging methods with high temporal resolutions are needed to 1 0 8 catch the potential difference in neural processes between them. Therefore, we 1 0 9
conducted 4 experiments, combined with physiological and neural 1 1 0 measurements, including eye-tracker, electroencephalography (EEG), cue onset ( Fig. 4a-b ). The time window coincided with that of the 3 2 7
frontal-behavioral correlation in experiment 3 ( Fig. 3j ), the pupil size difference 3 2 8
in experiment 1 ( Fig. 3b ) and ADAN component in experiment 2 (Fig. 3f ).
2 9
Interestingly, such process exclusively took place as early as 200ms Finally, we continued to identify the causal role of DLPFC and IPS in the 3 4 9
retro-cue effects in experiment 4 with transcranial magnetic stimulation (TMS).
5 0
A new group of 22 subjects were recruited. In each block, three types of cues 3 5 1
were randomly mixed with equal number of trials. Stimulating sites were 3 5 2 targeted at lDLPFC or rIPS, whose MNI coordinates were acquired as the 3 5 3 maximal activation observed in experiment 3. Vertex served as a control 3 5 4 stimulating site. To explore the time course of these brain regions in cognitive 3 5 5
processes, a single pulse TMS was given at 100, 400, or 700ms after the cue 3 5 6 onset (when no cue presented, we match the time points with the cued 3 5 7 condition) in each trial. After considering the length of the experiment and 3 5 8 maximum number of stimulating pulses in one session, we focused on the 3 5 9
load-2 condition with 100% validity, in which all three experiments showed 3 6 0 behavioral difference between endogenous and exogenous cues (see Methods 3 6 1 for details).
6 2
Two subjects were excluded due to poor performance. When TMS was 3 6 3 applied at vertex ( Fig. 5a Cohen's d=0.62). The control analysis on endogenous retro-cue effects at any 3 7 5
stimulating time points did not replicate such results, neither did rIPS-targeted 3 7 6
TMS at both types of retro-cues ( Fig. 5b-c) . These findings strongly proved that 
8 8
On the other side, however, the attentional processes in perception or while endogenous cues did not (Briand, 1998; Kingstone et al., 2003 ; Posner, 5 0 9
1978). However, in the current results, both of their retro-cue benefits had gone 5 1 0 when the cues were 50% valid, although differences between valid and invalid 5 1 1 trials still existed. Altogether, at least we could say the attentional processes in 5 1 2 memory vs. perception are similar but not the same, and the endogenous vs. 
1 5
As predicted from the perceptual domain, the presence of superiority of 5 1 6
exogenous cues towards VWM representations may be generalized to long 5 1 7
term memory (LTM). It is of great interest to further demonstrate the two 5 1 8 different types of attention effects on LTM at different signal-to-noise ratio of 5 1 9 memory trace. Such findings may also facilitate the educational implications 5 2 0 that when the task is easier and memory signal is strong, exogenous cues 5 2 1 might be more efficient than endogenous cues.
2 2
Although we combined different research modalities to form convergent 5 2 3 evidence to strengthen, and further to explain the superiority of exogenous 5 2 4 attention on VWM when the memory load was low, there still remained 5 2 5
questions to be resolved. For example, after the exogenous cue presents, how 5 2 6
is the cue processed in sensory cortices and then conveyed to the prefrontal 5 2 7
cortex to trigger the top-down control signal? Or it may be conveyed directly 5 2 8
from subcortical areas such as the superior colliculus or pulvinar, given such a 5 2 9
fast time scale. To addressing these questions may require invasive 5 3 0 neurophysiological studies, combining with computational models. We look 5 3 1 forward to future studies using these tools to fully understand the interaction 5 3 2 between attention and VWM, both lies in the center of human cognition. 
1 3
Location-specific effects of attention during visual short-term memory maintenance. Stimuli and experimental tasks. The procedure is shown in Fig.1 . Each trial 8 1 9
started with a central fixation dot for 500 ms, followed by a memory display for 8 2 0
another 500 ms. The display consisted of two or four Gabor patches (radius 5°, 8 2 1 contrast 100%, spatial frequency 2 cycles/degree) within an imaginary 8 2 2
Cartesian coordinate system. Their orientations were chosen at random 8 2 3
differed by at least 10° in each trial. The distance from the center of each Gabor 8 2 4
patch to the axes was 6.6°. After a delay period lasting 2,000 ms, a probe with a 8 2 5
randomly oriented Gabor patch was presented at the position that was early 8 2 6
encoded. Participants were asked to recall the orientation of the mnemonic 8 2 7
Gabor patch as precise as possible by rotating the probe using a mouse. In 8 2 8
retro-cue trials, an endogenous retro-cue (a white arrow at the center, 1.8° by 8 2 9 
3 6
In experiments 1, 2 and 4, the validity of retro-cues was always 100% 8 3 7
correct, meaning that the probe always appeared at the cued position. Subjects 8 3 8
were encouraged to make full use of the retro-cue (i.e., only covertly attend to 8 3 9
the cued Gabor patch while ignoring the other Gabor patch(es)) in the retro-cue 
4 5
In experiment 4, memory load was restricted to the load-2 condition, three 8 4 6
cue types were randomly mixed within each block, each of which contained 72 8 4 7
trials. There were 23 blocks in total.
4 8
In experiment 3, one of the two retro-cue types (endogenous or exogenous) 8 4 9
and its corresponding cue validity (100% correct or 50% correct) were 8 5 0 manipulated in different blocks. These four types of blocks alternated for twice, sequences were counterbalanced between subjects.
5 7
Notably, Gabor patches in the memory display were presented at any two 8 5 8
of four quadrants under the load-2 condition in experiment 1, while in following 8 5 9
three experiments, the two Gabor patches were bilaterally presented at the 8 6 0 screen to keep the balance of visual inputs at both sides. (p adj ) were given by FDR correction when applying multiple comparisons.
7 1
Partial eta squared (ߟ ଶ ) and Cohen's d were given as measures of effect size.
7 2
In experiment 1, six participants were excluded due to poor performance 8 7 3
(lower end in the group 99% confidence interval, the same below) in at least 8 7 4
one condition or missing data, resulting in 58 subjects for further analysis. In 8 7 5
experiment 2, only one subject was excluded from analysis due to poor 8 7 6
performance. In experiment 3, Data acquisition for one subject was aborted 8 7 7
upon the request of the participant. Another two subjects were excluded from 8 7 8
data analysis due to poor performance. Thus, we analyzed behavioral data 8 7 9
from 24 participants in experiment 3. In experiment 4, two out of twenty-two 8 8 0 subjects were excluded from analysis due to poor performance. 
